: Comparison of the diatom data; % abundances of the planktonic centric taxa Aulacoseira spp. (blue) and Cyclotella stelligera (red), as well as diatom concentration (green) (Wang et al., 2008), with the titanium (Ti) content (black) and magnetic susceptibility records (orange) (Yancheva et al., 2007) 
African lakes have had a special allure to paleolimnologists ever since pioneering work by Dan Livingstone and his students revealed their potential for tropical paleoecology and paleoclimatology. However, it took time before their particularities (e.g., methane-charged muds, unstable sedimentary environments associated with fluctuating lake level) and logistical chaltions have been completed (Stebich et al., 2009) , and b) the late Holocene with geochemical (Schettler et al., 2006b ) and minerogenic analyses (Chu et al., 2009) . For the late Glacial in particular, short cold/ dry spells were recorded that are perfectly correlated with events reported from the Greenland ice core records. Such synchronicity in abrupt climate shifts demonstrates that the North Atlantic and East Asian regions were strongly coupled via atmospheric teleconnections. The varvebased chronologies that have been established from several lakes also enabled precise determination of the age of several tephra layers preserved in the sediment records, thereby providing a much improved chronology of volcanic eruptions in northeastern China (Liu et al., 2009) .
Outlook
In addition to the research topics outlined above, lake sediment records are also used to investigate the history of eutrophication, especially in the large and shallow floodplain lakes of the middle and lower reaches of the Yangtze River, which is one of the most densely populated and industrialized areas in China. Paleolimnological research on these lakes mainly relies upon diatom-based reconstructions of total phosphorus concentrations in lake water (Yang et al., 2008; Dong et al., 2008) . The multi-proxy record from Lake Erhai in Yunnan, southern China, is also an excellent example of how to use lake sediment records to reconstruct climate-human-environment interactions during the Holocene (Dearing et al., 2008 all timescales; and secondly, the pressing need for quantitative temperature proxies, and for hydrological proxies unaffected by lake-groundwater interactions and temperature effects on evaporation. Basinspecific hydrological modeling is one solution, exemplified by work on Rift Valley lakes in Ethiopia (Legesse et al., 2004) and Kenya (Bergner et al., 2003; Duhnforth et al., 2006) . Other methodological advances have come from the development of regional calibration datasets that constrain the ecological indicator value of in-lake biological proxies (e.g., Rumes et al., 2005; Eggermont et al., 2006; 2009) , and application of new organic biomarker proxies for temperature and moisture balance to African lake records.
Resolving African climate history
Reconstructions of African climate history using these improved techniques testify to the global teleconnection of climate variability at glacial-interglacial, orbital and shorter time scales but also reveal distinct tropical climate processes. For example, results of ICDP-sponsored drilling in Lake Malawi (southeastern tropical Africa) and Lake Bosumtwi (tropical West Africa) show that tropical African climate history differs from the characteristic 100-ka saw-tooth pattern of continental ice-sheet growth and decay. Most importantly, tropical aridity during the Last Glacial Maximum (MIS2) paled in comparison with megadroughts recurring at ~21-ka intervals during MIS5 and MIS4, when high eccentricity strengthened precessional insolation forcing Cohen et al., 2007) . Penetrating a sub-lacustrine ridge in Lake Tanganyika with Kullenbergcoring methods, Felton et al. (2007) recovered a continuous climate record back to the base of MIS3. Analyses of organic biomarker proxies for past temperature (the TEX 86 index of crenarchaeotal membrane lipids) and moisture balance (the δD of leaf waxes) by revealed that millennial MIS3 drought episodes in southeastern tropical Africa coincide with Heinrich events (Fig. 1) , suggesting northern high-latitude influence on sea-surface temperature in the western Indian Ocean. This study also confirmed the result of Powers et al. (2005) from Lake Malawi, which showed that postglacial warming started ~20 ka BP, i.e., coincident with the start of major continental icesheet melting, but well before the rise in atmospheric CO 2 . A moisture balance reconstruction from Lake Malawi based on the C3/C4 vegetation ratio incorporated in the δ 13 C of leaf wax alkanes (Castañeda et al., 2007) supports evidence for early Holocene drought in southern tropical Africa (Nash et al., 2006; Garcin et al., 2007) , associated with the rapid resumption of Intertropical Convergence Zone (ITCZ) migration far into the Northern Hemisphere at the end of the Younger Dryas (Talbot et al., 2007) . Reviewing all relevant lake (and nearshore marine) paleoclimate records/ patterns across southern Africa, report progress in resolving the longstanding conflict between evidence for a dry LGM (and Younger Dryas) in Lake Malawi (e.g., Johnson et al., 2002) vs. wet conditions during those times recorded in nearby Lake Masoko (Garcin et al., 2006) . Another issue of longstanding debate has been whether Holocene retreat of the northernmost summer-time position of the ITCZ caused a gradual or abrupt midHolocene weakening of the West African monsoon over North Africa, and thus a gradual or abrupt mid-Holocene desiccation of the Sahara desert. Multiple-proxy analyses on the uniquely continuous sediment record of a groundwater-fed lake in northern Chad revealed that, while the aquatic ecosystem responded to deteriorating moisture balance with a threshold response to hydrological closure of the lake basin, the surrounding terrestrial ecosystem evolved gradually from a grass savannah to Sahelian scrubland to hyper-arid desert, between 5.6 and 2.7 ka.
Until recently, reconstructions of Holocene climate history in sub-Saharan Africa showed affinity with either Northern or Southern Hemisphere summer insolation forcing. A new 25-ka lake record from Lake Challa near Mt. Kilimanjaro, just south of the equator in East Africa, promises to reveal the history of hydrological change in the western Indian Ocean domain, where latitudinal ITCZ migration far north and south of the equator generates a markedly bimodal pattern of seasonal rainfall (Verschuren et al., ESF EuroCLIMATE project CHALLACEA) . However, because the north-south trending Congo Air Boundary, where moisture from the Atlantic and Indian Ocean meet, is situated near ~33-35°E above the East African plateau, the climate history of much of tropical Africa bears a strong signature of variation in Atlantic Ocean circulation. This is particularly evident during the main phase of the Little Ice Age (LIA; 1400-1750 AD), when drought in western tropical Africa (Shanahan et al., 2009 ) and central equatorial Africa including western portions of the East African plateau (e.g, Russell and Johnson, 2007) contrasted with above-average rainfall over the eastern half of the plateau (Verschuren et al. 2000a ). Lake Victoria Science Highlights: Paleolimnology D. pulex in 1925 , 1955 and Canada ('New World' , b is from Mergeay et al. (2004) . (Stager et al., 2005) and central Ethiopia (Lamb et al., 2007) display intermediate LIA rainfall anomalies, reminiscent of the regional patterns of modern ENSO teleconnections (Verschuren and Charman, 2008) .
) Relative abundance of the asexual American genotype (red) and the indigenous African genotypes (blue) of D. pulex in Lake Naivasha since the inadvertent introduction of the American D. pulex variant during a fish-stocking effort in the 1920s, based on genetic analysis of multiple individual fossil ephippia in each sediment level; also shown is the associated loss in the local population' s genetic diversity through time (allelic richness: dotted line with 95% confidence intervals). d) Phylogenetic tree based on a mitochondrial gene fragment showing the relationship of Lake Naivasha

genotypes). The scale bar indicates genetic distance, i.e., the number of base substitutions between the different gene variants (haplotypes). e) D. pulex with eggs visible inside the ephippium. The scale bar is 1 mm. Figures a, c and d are from
Resolving human impact on African ecosystems
Lake Tanganyika, buffered against the immediate impact of catchment disturbance by great depth and permanent stratification, produced the first paleolimnological evidence of African lake-ecosystem response to anthropogenic climate change (O'Reilly et al., 2003) . This would be much harder to demonstrate in records from shallower African lakes, of which the aquatic communities show continuous species turnover due to habitat restructuring associated with lake-level and salinity fluctuations (Verschuren et al., 1999; 2000b) . Paleolimnological studies on the population genetics of water fleas in such lakes show that their genotypic identity is stable through time as long as episodes of ecological crisis (such as lake desiccation) do not exceed the few decades during which resting eggs remain viable in bottom muds (Mergeay et al., 2007) . Another paleogenetic study revealed that an asexual American variant of the common water flea Daphnia pulex, introduced accidentally to Lake Naivasha in Kenya in the 1920s, has since outcompeted the indigenous, sexually reproducing variant of the same species not only locally, but throughout sub-Saharan Africa (Fig. 2) .
Outlook of paleolimnology in African lakes
With the spatial patterns of past hydrological change across tropical Africa now better constrained, studies of climate-human-environment interactions can start to make rigorous distinction between climate-driven and anthropogenic impacts on the long-term dynamics of vegetation, fire and lake-water quality. Although today's profound landscape modification has mostly resulted from rapidly increasing demographic and agricultural pressure during the 20 th century (Verschuren et al., 2002; Fleitmann et al., 2007) , significant vegetation disturbance by indigenous agriculturalists extends to the late 18 th century near Lake Tanganyika (Cohen et al., 2005) , the 17 th century in the Kenya highlands (Lamb et al., 2003) , and at least the 10-11 th century in western Uganda (Ssemmanda et al., 2005; Lejju, 2009; Russell et al., 2009 ). In western tropical Africa, landscape disturbance is thought to have started ~2400 BP when climate-induced drying opened up the rainforest for farming (Ngomanda et al., 2009) . Future studies will paint an increasingly comprehensive picture of the timing and relative magnitude of indigenous human impact on the African landscape. Focusing on the highest-quality lake-sediment records and through innovative use of both traditional and novel proxies, African paleolimnology will no doubt continue to make significant contributions to our understanding of past tropical climate dynamics and climate-human-ecosystem interaction.
